In the past few decades, hydrothermal vent research has progressed immensely, resulting in higherquality samples and long-term studies. With time, scientists are becoming more aware of the impacts of sampling on the faunal communities and are looking for less invasive ways to investigate the vent ecosystems. In this perspective, imagery analysis plays a very important role. With this study, we test which factors can be quantitatively and accurately assessed based on imagery, through comparison with faunal sampling. Twelve instrumented chains were deployed on the Atlantic Eiffel Tower hydrothermal edifice and the corresponding study sites were subsequently sampled. Discrete, quantitative samples were compared to the imagery recorded during the experiment. An observereffect was tested, by comparing imagery data gathered by different scientists. Most factors based on image analyses concerning Bathymodiolus azoricus mussels were shown to be valid representations of the corresponding samples. Additional ecological assets, based exclusively on imagery, were included.
During all the dives, video imagery data was recorded by a 3-CCD camera (HYTEC, 142 VSPN 3000) and a digital high definition still camera (Sony, Cybershot), mounted above the 143 principal camera of the ROV. Pan, tilt and zoom were kept constant to the extent possible (i.e. 144 not compromising manoeuvres from the ROV). All imagery data was digitally recorded on 145
DVDs. Lighting was provided by 8 flood lights on a fixed bar at the front of the ROV, 146 totalling 5kW. 147
For the image analysis, all imagery available (from the approach of the sampling site 148 and the sampling itself) was used, comprising high-resolution photographs, video imagery 149 and screen-stills. Still-images were used as templates to map the surface sampled and analyse 150 the fauna within. Preference was given to the use of high-resolution images, which were 151 mostly available for all sites, however when these were unavailable or unusable, screen-stills 152 were used as a template for analyses. High-definition images had a resolution of 2048 x 1536 153 pixels while screen-stills were 696 x 576 pixels. Additional high-resolution photographs, 154 featuring zoom-ins, different angles, alongside video imagery from different angles were used 155 to study these sampling sites to reduce the visual distortion of the irregular hydrothermal 156 surfaces, the differences in lightning and shadows cast by the ROV. 157 158
Evaluation of sampled surfaces 159
In order to allow comparisons between the different sampling sites, the surfaces 160 sampled were measured with pixel-based image analysis software IPLAB Spectrum© as 161 described in Sarrazin et al. (1997) (Fig. 2) . For this study, the twelve instrumented chains with 162 links of 9 cm were used to set the calibration. Because the chains were removed before 163 sampling the fauna, the length of a remarkable feature (mussel, rock) present in the digital 164 photos taken before and after sampling was measured. This feature was then used to calibrate 165 the post-sampling photo and the sampled surface was outlined manually. This was done for 166 each sampling unit separately. In order to reduce the variability due to manual tracing, a mean 167 of three measurements was used to evaluate the final surface area (see Sarrazin et al. 1997 composition between imagery and corresponding faunal samples, organisms from the actual 177 samples were assembled in similar higher taxonomic groups. Abundances were subject to 178 parametric or non-parametric pair-wise testing between imagery and sampling, depending on 179 the normality of the data. Besides this, taxonomic richness was compared between sampling 180 and imagery. Both sample and site-based expected taxonomic richness were assessed by using 181 rarefaction curves (Gotelli & Colwell, 2001; Gauthier et al., 2010) . 182
183

Mussel lengths and biomass 184
Mussel sizes were analysed on screen. The entire length of the animal was measured 185 when possible but most often, only the width was measurable. In those cases, the lengths were 186 estimated based on a strong relationship between widths and lengths (Y=0.8438x-0.0241, 187 R²=0.9519, n=621), as extracted from the ground-truth samples (Sarrazin et al., unpublished 188 results). Using a paired t-test, mean mussel sizes as measured on-screen were compared with 189 those from the corresponding ground-truth samples. The evaluation of the lengths also 190 enabled the determination of biomass of mussels on imagery, based on the strong relationship 191 linking shell length to biomass measures, also deduced from the corresponding ground-truth 192 samples (Sarrazin et 
Mussel valve opening 198
The aperture of the shells (or valve gape) was also analysed as the number of mussels 199 that had their valve opened, in order to assess the amount of individuals possibly displaying 200 filtration activity, inhalation of sulphide-rich vent fluids, or gas exchange with the 201 environment. 202
203
Microbial coverage 204
The microbial cover was measured directly on-screen, by tracing the different surfaces 205 covered by the white filamentous mats visible on the image. The surface coverage of the 206 microbial mats was calculated as a mean of three measurements to assess the final microbial 207 surface area (see Sarrazin et al. 1997 for the image analysis method). 208 209 2.3.5. Observer's effect 210
For the first six sampling units, an observer effect was evaluated. The imagery data 211 were analysed by two scientists and differences between their observations were assessed. 212
Observations subject to observer effects' tests were (i) surfaces sampled, (ii) mussel densities, 213 (iii) mean mussel size, (iv) percentage of mussels with microbial cover and with opened 214 valves and (v) abundance of associated fauna. Mean mussel size for C3 was only estimated by 215 one observer, as mussels at this site were covered by microbial mats and single individuals 216 were hard to discern. Differences were analysed with paired t-tests when values were 217 normally distributed. If the normality assumption was still not met after transformation, a 218
Wilcoxon test for paired samples, which is the non-parametric equivalent of the paired 219 samples t-test, was carried out. 220 All biological data extracted from the imagery (video and photo) are listed in Table 1 . 224
Faunal densities and abundances were assessed based on high-definition photographs and 225 video footage from the twelve chain deployment sites. Species were grouped into higher level 226 taxa, in order to avoid identification errors based on the imagery. Some species were 227 identifiable to species level, e.g. Bathymodiolus azoricus and Segonzacia mesatlantica. For 228 the others, we chose to group them into family levels or classes (Table 1 ). An overview of the 229 ground-truth sample data (Sarrazin et al., unpublished results), corresponding in taxonomic 230 level to those obtained with the video imagery, is also given (Table 1) . 231 232 3.1.1. Faunal composition and diversity 233 Bathymodiolus azoricus mussels were the main constituent of the assemblages 234 sampled, followed by Mirocaris fortunata shrimp. In order to allow ground-truthing, the same 235 grouping in taxa was applied to the data originating from the gound-truth samples (Table 1) . 236
Generally, for polychaetes and gastropods and, to a lesser extent for B. azoricus and 237 alvinocaridid shrimps, a higher abundance was discernable in the ground-truth samples when 238 compared to imagery (Fig. 3) . This observation was very pronounced for the polychaetes and 239 the gastropods (Fig. 3) . Exceptions for mussels were C2, C6 and C8 and for shrimp C5, C8, 240 C9 and C12 that featured higher densities on the imagery. There were no B. azoricus visible 241 directly on the sampled surface of sampling unit C9 but they were observed in the 242 surroundings (Fig. 2) . These faunal abundances were tested pair-wise (Wilcoxon test) 243 between sampling and imagery for each taxon and showed significant differences for mussels 244 (V = 72, p-value = 0.007), polychaetes (V = 0, p-value = 0.004) and gastropods (V = 0, p-245 value = 0.004) but no significant differences for shrimp (V = 12, p-value = 0.13). Ophiuridae 246
and Segonzacia crabs, on the other hand, showed higher abundances and were encountered 247 more often on the imagery than in the samples, be it in a non-significant way (V = 30, p-value 248 = 0.10 for the crabs and V = 6, p-value = 0.17 for the ophiurids). 249
250
Overall, when investigating taxonomic richness, several macrofaunal taxa present in 251 the ground-truth samples were not found on the imagery. These include small-sized species 252 belonging to polychaetes and gastropod taxa, but also pycnogonids, ostracods, actinids, 253 halacarids, nematods, copepods, tanaids and amphipods. For all locations, the taxonomic 254 richness is higher in the samples, than that recognised on the imagery. The maximum 255 taxonomic richness for the imagery analyses was found at sampling units C1 and C11, where 256 6 different taxa were encountered. In the ground-truth samples, the highest taxonomic 257 richness was found in C11 with a total of 14 macrofaunal taxa, followed by C3 with 13 taxa 258 (Table 1 ). The lowest richness from the imagery was attributed to sampling unit C9 where 259 only 2 taxa were observed on the imagery. In the samples, the lowest taxonomic richness was 260 observed in C9 as well with 4 taxa ( Table 1 ). The taxonomic richness as deduced from 261 imagery compared to that from sampling was significantly different (paired t-test, t=5.9699, 262 df=11, p-value=0.00009). Furthermore, an additional test (ANOVA) confirmed that the 263 results obtained from sampling (S) and Imagery (I) are significantly different from each other 264 i.e. that variation in taxonomic richness between S and I is larger than between the sampling 265 locations (F=20.28, df=1, p=0.0002). However, there was a significant positive correlation 266 between the taxonomic richness's from imagery and sampling (t=2.4654, df=10, p-267 value<0.05), thus implying that they show similar tendencies. 268
269
The sample-based rarefaction curves (Fig. 4 ) also showed that the expected taxon 270 richness for discrete sampling was higher than that for imagery, clearly exhibiting the limits 271 of imagery for estimating richness. Moreover, the curve of the imagery analyses seemed to 272 reach an asymptote rather quickly while that of the sampling still did not yet stabilize for the 273 number of samples investigated here, reinforcing the fact that video imagery is a rather weak 274 estimator of overall species or taxon richness in these hydrothermal assemblages (Fig. 4) . 275 276 3.1.2. Mussel size and biomass 277 Bathymodiolus azoricus mussels were visibly the most abundant species in the 278 sampling units and were therefore subject to several additional analyses, such as size 279 measurements and biomass estimations (Table 1 ). There was a difference in mean mussel size 280 between sampling and imagery (paired t-test, t=-1.9922, df=10, p-value=0.074) ( The proportion of open mussels was also assessed as a percentage of all mussels 290 present in the sampled area. These values varied between 3% and 85% on C2 and C4 291 respectively (Table 1) . 292 293
Microbial Cover 294
Microbial cover was evaluated as the sampled surface covered by the microbial mats. 295
It varied from 0.001 m 2 to 0.032 m 2 and no microbial mats were observed on sampling units 296 C2, C7, C8, C9 and C10 (Table 1) . 297 298 3.3. Observer's effect 299
For the first six sampling units (C1 to C6), two observers assessed the same 300 parameters, independently from one another. Even though differences between the observers 301 are noticeable (Fig. 6) , no significant differences were revealed between the sampled surfaces 302 (t=-1.2828, df=5, p-value=0.26), mussel densities (t=0.6672, df=5, p-value=0.53) and the 303 percentage of mussels with their valve opened (t=0.9695, df=5, p-value=0.38). The densities 304 of the associated fauna were systematically higher for Observer 1 than for Observer 2 but 305 these differences were not significant (p-value>0.1, Fig. 6) . 306
On the other hand, a significant difference for the mean mussel size estimations was 307 revealed between the two observers (t=-3.4232, df=4, p-value=0.027), which were 308 systematically slightly higher for Observer 2 (Fig. 6) . The mean mussel size of C3 was not 309 taken into account in the statistical tests because it was only measured by one of the 310 observers. The results also show that, with the exception of C1, the two observers 311 encountered the same number of taxa on all sampling units (Fig. 6) . 312 When comparing imagery and sampling, some distinct differences in observations 317 tend to come out. For instance, crabs and ophiuroids are more abundant in the imagery data 318 than in the samples, although non-significant. Such a trend could not be revealed for the 319 shrimp. Nevertheless, we can conclude that assessing mobile faunal presence and/or 320 abundance of some larger macrofaunal taxa is more accurate based on imagery than sampling, 321 since mobile organisms tend to escape during sampling. On the other hand, the abundance of 322 smaller organisms such as polychaetes, amphipods, copepods and gastropods, which tend to 323 live in interstitial spaces between mussels (Van Dover & Trask, 2000), or even inside the 324 mussels' mantle cavity (e.g. the polynoid polychaete Branchipolynoe seepensis, Britayev et 325 al., 2007), is almost impossible to evaluate on imagery and therefore explains the significant 326 differences in abundances and taxonomic richness between imagery and samples. The same 327 goes for younger and therefore smaller organisms. For example, there were no mussels visible 328 in the image analyses from sampling unit C9 while 24 individuals were found in the samples 329 estimations. This is an indispensable part for imagery analyses, but at the same time it 347 represents the biggest challenge, as this comprises 2D analyses of 3D surfaces. In addition, 348 mussels are known to stack up to several layers (Johnson et al., 1994) 
identify because of their shape and colours (camouflage). This is also the main explanation 352 for the significant differences in abundances/densities between imagery and sampling. On the 353 other hand, the transport of faunal samples from the sampling units to sampling boxes can be 354 tricky and can lead to loss of individuals, which, in several cases, can explain higher densities 355 on imagery as it is the case for mussels on C2, C6, C8. 356
357
Mussel Sizes -Mean mussel sizes, as measured on imagery, do not show significant 358 differences with the mussels measured in the lab. When investigating size-frequency 359 distributions, it becomes clear that mussels with lengths between 15 and 60mm are more 360 predominant in the samples than on the imagery, while this size range should normally be 361 visible on the imagery. Evidently, the mussel bed 3D structure is likely causing an 362 underestimation of the visible abundance. Nonetheless, the lengths of the mussels measured presented here, the use of biometric relationships can thus be considered a powerful tool to 381 estimate biomass on imagery from remote marine ecosystems. For now, we suggest that at 382 vents it should be systematically validated with discrete samples taken simultaneously to the 383 imagery until it is proven that it can be extrapolated in space and time. 384 385
Valve opening 386
The number of mussels with their valves opened was evaluated. This is only 387 achievable through image analyses, which makes it an extra ecological parameter exclusive to 388 hypothesised that larger mussels would be more dependent on chemosynthesis, while smaller 397 individuals would depend more on filter-feeding (Martins et al., 2008) , but no such 398 relationship could be revealed through our analyses. This could be due to the possibility that 399 for the vent mussels, valve opening behaviour is linked with the general intake of energetic 400 sources be it particles (filtration activity) and/or chemicals (chemosynthesis, respiration). 401
Further research on valve gape activity of vent mussels would be interesting; in particular to such an extent that, at vents, temporal variation studies are carried out almost solely based on 442 imagery, as it is often the only long-term monitoring tool available. Since an increasing 443 number of deep-sea MPA's will be created and more restrictions on sampling will be 444 imposed, imagery can be a good alternative as it also allows in-depth ecological evaluations, 445 whose value cannot be underestimated. Imagery also completes the data gathered by the 446 samples with information on animal behaviour, fluid flow quantification and coverage of 447 faunal assemblages or microbial mats ( Table 2 ). All these factors contribute to a more 448 profound knowledge and understanding of the vent environment which we cannot have based 449 on sampling alone. 450 451
Conclusions and perspectives 452
Based on our findings, several biological features deduced from imagery were 453 confirmed to be accurate assessments of ground-truth samples. For instance, the mytilid 454 biomass estimations based on on-screen length measurements were shown to be a valid 455 representation of the sampled biomass and mussel lengths. Moreover, a couple of features 456 appear to be more precise when analysed on imagery than when based on sampling. This is 457 true for the presence and abundance of large mobile fauna such as crabs and ophiurids that 458 can escape from sampling and also for the microbial coverage which can only be 459 quantitatively evaluated on the imagery. 460
However, faunal composition, abundance and richness are clearly underestimated 461 when limited to imagery, though taxonomic richness assessed in imagery was shown to reveal 462 similar trends as the ground-truth samples. Nevertheless, sampling is required to correctly 463 evaluate these important biological factors. Besides this, imagery analysis also has multiple 464 assets, with several variables being exclusively available through imagery, such as behaviour, 465 surface and microbial coverage, etc. Moreover, once the structure of the faunal assemblages is 466 well characterized in a region, video imagery can be used to monitor community distribution, 467 dynamics and temporal changes at large spatial scales. 468
Mean mussel size was the only factor for which the two observers showed significant 469 differences. The development of a clearer protocol or the use of automated calculations could 470 help resolving the observed discrepancies. In the mean time, several scientific teams started 471 Aguzzi, J., Mànuel, A., Condal, F., Guillén, J, Nogueras, M., del Rio, J., Costa C., Menesatti, 480 P., Puig, P., Sardà, F., Toma, D., Palanques, A., 2011. The new seafloor observatory 481 (OBSEA) for remote and long-term coastal ecosystem monitoring. Table 1 . Overview of the biological data extraction based on imagery compared to that from sampling for corresponding taxa. The estimated size of the surface sampled as well as the densities of the visible fauna, mussel size and biomass, valve openings and microbial mat covering are given. *contains macrofaunal taxa that were not detectable on imagery and are thus not listed in the table. The mean temperature (with standard deviation) on each sampling unit was measured and was added for information purposes solely. 6 . Illustration of the "observer effect" on different estimations: sampled surface, mussel size and density, percentage of opened mussels and composition of associated fauna.
